Abstract:
INTRODUCTION
There are two types of cholinesterase enzymes in humans and animals. The acetylcholinesterase enzyme (AcChE, EC 3.1.1.7) is located in many tissues (red blood cell membranes, inactivation through the hydrolysis of different endogenous and exogenous esters in the blood plasma. The potential poisons of AcChE are scavenged by BuChE, and the human body has BuChE (approximately 680 nanomoles) about tenfold as much as AcChE [2] . BuChE also plays en essential role in metabolizing cocaine, heroin, mivacurium, succinylcholine and procaine. BuChE-deficiency results in increased sensitivity to succinylcholine (a widely used depolarizing neuromuscular blocking agent in clinical practice). It is generally accepted that BuChE has an essential role in the inactivation of toxic compounds including organophosphorous esters. Measuring BuChE serves as a biomarker for organophosphate exposure [3] . Either AcChE-or BuChE-deficiency is an indicator of a special depression that is common in pesticide handlers [4] .
Reactivation of AcChE-or BuChE-deficiency caused by insecticide poisoning is crucial to the survival of a poisoned patient. Karasova et al. [5] reported that both K117 and K127 were among the best reactivators of BuChE, when some currently available and several newly synthesized pyridinium aldoximes were studied on rats intoxicated by tabun. The reactivation efficiency of K117, and also that of HI-6, obidoxime, triedoxime, K127, K206, K250, K251, K269, K347, K628, were experimentally determined in plasma and the brain by Kovarik et al. [6] . K117 showed similar effectivity as HI-6 in peripheral tissues. Jun et al. [7] compared the reactivation potency of several pyridinium aldoximes in vitro on paraoxon-inhibited human AcChE and BuChE. Two of the reactivators (obidoxime and trimedoxime) worked well on inhibited AcChE, giving a reactivation rate over 75% when used in a concentration of 100 µM concentration. However, none of the classical pyridinium aldoximes (pralidoxime, methoxime, obidoxime, trimedoxime, HI-6) produced the reactivation rate of BuChE over 10%, even when they were used in a concen-tration of 100 µM. Kuca et al. [5, 7, 8] found that K117 and atropine co-doses work efficiently in vitro on rats intoxicated by tabun.
Sakurada et al. [9, 10] were the first to detect and measure that pralidoxime penetrated through the blood-brain barrier. Similar determinations and statements were made by Kalász et al. [11, 12] , who expanded the analysis of pyridinium aldoximes on the cerebrospinal fluid. This paper presents a dose-dependent tissue penetration of the K117 from the site of its intramuscular application to various target organs.
MATERIALS AND METHODS

Chemicals and Solvents
All solvents and chemicals were bought from commercial sources in the best possible quality. Pyridinium aldoximes (K117 and K127) were supplied by the Department of Chemistry, University of Hradec Kralove, Czech Republic. The chemical structures of these two compounds are given in Fig. (1).
Animals and Animal Treatment
White male Wistar rats weighing 180-199 grams were obtained from Toxicoop (Budapest, Hungary). Two animals were treated intramuscularly (i.m.) with an adequate dose of a freshly prepared aqueous solution of K117 (0.1, 0.3, 1.0, 3.0 and 10.0 µmol for each pair of rats). The rats were sacrificed 30 minutes after treatment, keeping the ethical regulation of Semmelweis University. Body fluids (serum, cerebrospinal fluid) were taken and certain organs/tissues (brain, eyes, lungs, testes, liver, kidneys and inner ear) were dissected and treated with perchloric acid, homogenized and centrifuged. HPLC determinations of K117 were done using K127 as an internal standard (Figs. 2 and 3) , as detailed in our previous publication [13] . 
RESULTS
Dose-dependence of K117 levels in various body compartments of rats is given in Table 1 . Table 1 shows very high levels of K117 in the lungs, liver, kidney and Inner ear compared to those in serum. These relatively high levels continuously decrease with time in the lungs and inner ear, while they continue to increase in the liver and kidney.
DISCUSSION
During their in vitro experiments, Jun et al. [7] compared AcChE and BuChE reactivating process of several Kcompounds against paraoxon-inhibition, using a concentration as high as 100 µM, as the overall (in vivo) toxicity does not limit the dose used. However, studying the dose-dependence in in vivo experiments injections up to 100 µM could be applied, as higher doses of K117 were toxic [6] . Horn et al. [14] experimentally proved that K117 fulfils one of the basic requirements of an adequate antidote, it does not even influence the enzyme activity of BuChE in excess (1,000 µM). Thereby, K117 belongs to the group of pyridinium aldoximes that can be potentially used (K27, K48, K74, K75, K99, K127, K203, etc.) in medical practice. The BuChE reactivation power of K117 is preferable in paraoxon-inhibited BuChE, while its (in vitro) activity on tabun-inhibited enzyme is not significant.
It is the circulating blood that supplies K117 from the site of i.m. injection to each organ, tisssue and cell of rats. However, special barriers of the organism (e.g. blood-brain barrier, blood-testis barrier etc.) can either totally or partially hinder the transfer of K117 to special organs such as the central nervous system and the organs of reproduction. Each biological barrier has its own characteristics. When brain concentrations are compared to the serum levels of K117 no proportionality can be observed. About 50% of K117 could penetrate into the brain when a dose of 0.1 µmol was given. However, this ratio decreased to 9% when 1 µmol and to 7% when 10 µmol K117 were applied, respectively. This dynamic function of the bloodbrain-barrier was even more expressed for CSF; at a dose of 0.1 µmol. The relative concentration of K117 in the CSF compared to that in the serum, was 45%, however, this ratio decreased to 5% and 1.6% using doses of 1 µmol and 10 µmol, respectively. Lorke et al. [15] also demonstrated dynamic changes in blood-brain barrier and blood-CSF barrier functions. The relatively high proportion of K-117 in the kidneys, 30 minutes following intramuscular administration, compared to serum and the liver versus serum, indicates the essential role of the kidneys in the removal of K117 from the organism. It also indicates that K117 is hydrophilic and, therefore, is excreted from the body via the kidney.
The inner ear has a multi-compartmental structure (peri-, endolymph) with several different barrier systems (e.g. bloodendolymph, blood-perilymph, CSF-perilymph) [16, 17] , which makes the explanation of the relatively high K117 concentrations in the inner ear difficult. Experimental data suggest that a much slower elimination from the perilymph [18, 19] is presumably a major factor in the development of substance accumulation in the inner ear.
CONCLUSION
The analysis of tissue concentrations of K117 levels relative to serum concentrations is a useful method to determine the special characteristics of the penetration of this compound into critically important organs and tissues. The validated reversed-phase HPLC bioanalytical method developed was sensitive and selective enough for detailed pharmacokinetic measurements.
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